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A new strategy of aging and geriatric epidemiology in Japan

Hiroshi Shimokata and Fujike Ando

Global trends of increases in the aging population will continue in the 21st century. and geriatric medicine will be a most
important field of medicine. Increase in the aging population naturally causes increases in numbers of patients with geriatric
disease. Geriatric diseases are often chronic, slowly progressive, and hard to cure. Medical care expenses for the patients
will expand dramatically. Therefore, the most important key for future geriatric medicine is prevention. For prevention, de-
tailed data on normal aging process are required. At the National! Institute for Longevity Sciences (NILS). a comprehensive
longitudinal study of aging, the NILS-Longitudinat Study of Aging (NILS-LSA) started in November 1997. The subjects of
this study were about 2,300 residents aged 40 to 79 years who were stratified random samples selected from the neighbor-
hood area of the NILS. They are examined every two years at the NILS-LSA Examination Center, The third wave of exami-
nations started in 2002, Examined variables were over 1,000, including clinical evaluations. medical examinations. anthro-
pometry, body composition, physical functions, physical activities, psychological assessments, nutritional analysis and mo-

lecular epidemiology.

Key words : Longitudinal epidemiological study, Aging, Gerinkrie disease, Prevention, Molecular epidemiology

(Jpn J Geriat 2003 ; 40: 569—572)
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Dietary

Magnesium Intake and the

Future Risk of Coronary Heart Disease
(The Honolulu Heart Program)

Robert D. Abbott, phd, Fujiko Ando, mp, Pho, Kamal H. Masaki, mp, Ko-Hui Tung, php,
Beatriz L. Rodriguez, mp, Phd, Helen Petrovitch, MD, Katsuhiko Yano, Mp, and

J. David Curb, mp

Magnesium {Mg) deficiency is helieved to have adverse
cardiovascular consequences that are braad and com-
plex, although an association between dietary Mg in-
take and the risk of coronary heart disease (CHD} has
not been clearly identified. The purpose of this study is to
examine the relation between dietery Mg intake and
future risk of CHD. Reported findings are based on
dietary Mg intake in 7,172 men in the Honolulu Heart
Program. Intake of Mg was recorded at baseline exam-
inations that took place from 1965 to 1968 when the
men were aged 45 to 68 years. In 30 years of follow-up,
1,431 incident cases of CHD were identified, Within 15
years dfter dietary assessment, the age-adjusted inci-
dence decreased significantly from 7.3 to 4.0 per 1,000
person-years in the lowest {50.3 to 186 mg/day) versus

highest (340 to 1,183 mg/day) quintiles of Mg intake (p
<0.001). When adjustments were made for age and
other nutrients (singly or combined), there was a 1.7- to
2.1-fold excess in the risk of CHD in the lowest versus
highest quintiles {p <0.001). The excess risk ranged
from 1.5- to 1.8-fold after further adjustment for other
cardiovascular risk factors {p <0.05). Associations be-
tween dietary Mg and coronary events occurring after
15 years of follow-up were modest. We conclude that
the intake of dietary Mg is associated with a reduced
risk of CHD. Whether increases in dietary Mg intake can
alter the future risk of disease warrants further
study. ©2003 by Excerpta Medica, Inc.

(Am J Cardiol 2003,;92:665-669)

Magnesium (Mg) deficiency is believed to have
adverse cardiovascular consequences, including
broad and complex effects on hypertension, diabetes,
cardiac arrhythmias, atherosclerosis, and sudden car-
diac death.12 Studies of the relation between serum
Mg concentrations and future risk of coronary heart
disease (CHD), however, have been equivocal.?-5 Re-
lations between dietary intake and CHD are particu-
larly unclear, especially in the presence of confound-
ing due to a variety of dietary factors. This study
examines the relation between dietary Mg and future
risk of CHD independent of other cardiovascular risk
factors and the intake of concomitant nutrients.
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METHODS

Background and study sample: From 1965 to 1968,
the Honolulu Heart Program began following 8,006
men of Japanese ancestry living in Oahu, Hawaii, for
the development of cardiovascular disease.5-% At the
time of study entry, participants underwent complete
physical examinations at ages 45 to 68 years. Since
that time, subjects have undergone comprehensive
follow-up investigations for morbidity and mortality
due to CHD and stroke through repeat examinations,
surveillance for all hospital discharges, and a thorough
review of medical records, death certificates, and au-
topsy reports by a panel of physician experts. Proce-
dures have been in accordance with institutional
guidelines and approved by an institutional review
committee. Informed consent was obtained from the
study participants.

For this study, follow-up began at the baseline
examinations (1965 to 1968). These were the only
examinations in the Honolulu Heart Program in which
data on the intake of dietary Mg were collected. There
were 325 men with prevalent CHD (including myo-
cardial infarction, angina pectoris, and coronary insuf-
ficiency) who were excluded from follow-up. Only
men whose dietary intake was reported as being “fair-
ly typical” of their usual dietary habits were consid-
ercd for this study. Here, “fairly typical” is loosely
defined as anything other than a major difference in
under or over eating (or drinking). Small variations
were not recorded. Based on this latter criterion, an
additional 488 men were excluded, as were 21 men
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TABLE 1 Age-adjusted Incidence of CHD in 30 Years of Follow-up
Guintile of Dietary Mg Intake in Men Aged 45 to 68 Years

urated fat, calcium, protein, and

Accordingto | godium. Data on the supplementat

Quintile of Mg intake Sample

Incidence per 1,000 Person-yrs

intake of Mg through multivitamins,
antacids, laxatives, or other prepara-

fg/d) at Risk Tst 15 yrs 20d 15 yrs Overall tions were not available.

5t {50.3-186) 1,435 7.3 (149)F  13.6(174)  9.9*(323] To help isolate the independent
2nd (186.1-229.8) 1,434 575(115) 149{208]  9.#(323 | effect of dietary Mg on CHD risk,
3rd [229.9-274.4) 1,435  5.2(105) N70167 7972 | several risk factors measured at the
gﬂ; lg:gﬂ-?gg-‘?l :jgi ig Ug” ;;; [:57) ;z lgggl time of dietary assessment were also
T;st([or -1 ] . |:;<%.AOI s 0{.0797)9 A (‘0-001] considered as possible confounding

variables. These included age, total

*Number of svents.

modeled as a continuous variable) and the risk of CHD.
*Significant excess varsus the 5th quintile of Mg intake [p <0.001),
SSignificant excess versus the Sth quintile of Mg intake [p = 0.014}.
ISignificant excess versus the 5th quintile of Mg intoke {p = 0.005).

The p value for a test for irend is a test of tha significance of the associction between Mg intake [when

cholesterol, hypertension, diabetes,
body mass index (kilograms per
square meter), a physical activity in-
dex, cigarettes smoked per day, and
the daily intake of alcoho!l. Hyperten-

with missing data on Mg intake. The final sample that
was available for follow-up included 7,172 men.

Diagnosis of coronary heart disease: Up to 30 years
of follow-up data were available on each subject to
examine the relation between levels of Mg intake at
the baseline examination and future risk of CHD. In
the present study, CHD is defined to include fatal
coronary events and nonfatal myocardial infarction.®
Fatal events included any of the following: (1) an
acute or recent myocardial infarction based on elec-
trocardiographic or cardiac enzyme evidence that re-
sulted in death within 1 month after event onset; (2)
sudden death within 24 hours after the onset of cardiac
chest pain; (3) sudden death within 1 hour in an
asymptomatic or apparently healthy subject that could
not be attributed to another cause; (4) death due to
chronic congestive heart failure or dysrhythmia in a
subject with a history of CHD but without another
cardiovascular condition that could have been consid-
ered as the underlying cause of death; and (5) autopsy
findings that showed that the principal cause of death
was due to acute or recent myocardial infarction or to
a new coronary occlusion.

Nonfatal myocardial infarction was defined as an
acute episode of cardiac chest pain accompanied by
diagnostic serial electrocardiographic changes, by an
increase in serum enzymes, or when electrocardio-
graphic changes (loss of initial R wave or the appear-
ance of Q waves without explanation) were consid-
cred to be diagnostic of an interim myocardial
infarction between examinations. Final confirmation
of all events was reviewed by the Honolulu Heart
Program Morbidity and Mortality Review Committee.

Dietary magnesium and risk factor determina-
fion: Information on the intake of Mg was obtained
once by a dietitian based on 24-hour dietary recall
methods. Dieticians used standardized methods to ob-
tain individual recall of food intake and amounts using
food models and serving utensils to illustrate portion
sizes.®19 Daily nutrient intake levels were estimated
using a modified computer algorithm that included
foods that are unique to Japanese and Hawaiian di-
ets.!! Other dietary data considered in this study in-
cluded total kilocalories, potassium, dietary fiber, sat-
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sion was defined when systolic or
diastolic blood pressures were =160
and =95 mm Hg, respectively, or when a subject was
receiving antihypertensive medication. Diabetes was
defined on the basis of a medical history or the use of
insulin or oral hypoglycemic therapy. Assessment of
physical activity was based on the physical activity
index, a common measure used to quantify overall
metabolic output in a typical 24-hour period, which is
known to be inversely related to the risk of CHD and
stroke.?-14 Description of the data collection methods
for the other risk factors has been previously
described.6 ,

Statistical analysis: To describe the association be-
tween Mg intake and the incidence of future CHD,
estimates of the age-adjusted incidence of CHD are
provided across quintiles of Mg intake using standard
analysis of covariance procedures and logistic regres-
sion models.!® Similar procedures were also used to
describe how risk factors and the intake of other
nutrients differed across the ranges of dietary Mg
intake.

To assess the effect of dietary Mg on CHD risk,
proportional hazards regression models!$ were used to
provide estimates of the relative risk of disease in each
of the lowest 4 quintiles of Mg intake versus the
highest quintile. Adjustments were made for age,
other risk factors, and the intake of concomitant nu-
trients. Dietary Mg intake was also modeled as a
continuous variable, and tests of interaction with the
other risk factors were examined. All reported p val-
ues were based on 2-sided tests of significance.

RESULTS

At the time of study enrollment (1965 to 1968}, the
average intake of dietary Mg in the 7,172 men avail-
able for follow-up was 268 mg/day (range 50.3 to
1,138). Of these subjects, 1,431 developed CHD in the
30-year follow-up period. The average age when a
coronary event occurred was 72 years (range 46 to
95).

Table 1 presents the distribution of incident disease
across the quintiles of dietary Mg intake. Overall,
age-adjusted incidence of CHD decreased consistently
with increasing quintiles of Mg intake. Within the first
15 years of follow-up, there was a 1.8-fold excess in
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Aged 45 to 68 Years

TABLE 2 Age-adjusted Average and Percent Levels of Selected Risk Factors According fo Guintile of Dietary Mg Intake in Men

Quintile of Mg Intoke

1st 2nd 3rd 4th Sth

Risk Factor n = 1,435) (h = 1434) n = 1,435) (r = 1,434) (n = 1,434)
Total cholesteral {mg/dl}* 220 = 38 " 218+ 38 219 £ 39 217 £38 216 =38
Systemic hypertension’ 27.2% 22.2% 22.5% 20.9% 20.6%
Digbetes mellitus? 29.8% 26.4% 25.2% 22.5% 24.6%
Body mass index (kg/m?|* 24134 238 3.0 23.8+31 23.5+30 237 =30
Physical activity index® 32543 32644 327 £ 44 3301 45 335249
Cigarettes/d* 192.3 £ 16.9 18.9 = 17.1 195+17.4 201 £17.0 20.2 £§7.2
Alcohol intake {oz/mo}f 11.4+21.3 11.9+222 129 %226 149 = 25.6 18.1 £ 296

Data are presented os mean = SD or percentoges.

*Significont decrease with increasing intake of dietary Mg (p <0.03).
TSignificant decrease with increasing infake of dietary Mg fp <0.001}.
tSignificant increase with increasing intake of dietary Mg {p <0.05).
$3ignificant increase with increasing intake of distary Mg {p <0.001].

Intake in Men Aged 45 to 68 Years

TABLE 3 Age-adjusted Average Levels of Daily Intake of Confounding Dietary Variables According to Quintile of Dietary Mg

Quintile of Mg intake

Dietary 1st 2nd 3rd 4th Sth
Variable* (n = 1,435) [n = 1,434 {n = 1,435) {h = 1,434) [n = 1,434)
Tota! kilocalories 1,616 x 425 1,956 = 398 2,218 = 463 2,476 £ 525 2,861 =704
Potassium [mg) 1,736 = 564 2,194 + 527 2,525 = 589 2,864 £ 636 3,475 977
Dietary fiber (g} 5739 7.2+40 82546 24438 120 £ 6.7
Saturated fat (g) 18.0 £ 8.1 224+ 8.9 251 =100 278119 307 £ 14.4
Calcium {mg} 353 = 1B6 474 = 229 556 = 266 652 = 312 818 = 410
Protein (g} 67 £ 23 8223 93 £ 26 ¢ 103 £ 29 120 = 39
Sodium (g} 23=x1.2 27212 3014 3315 39=1.9

Data are presanted as mean = SD.

*Euch dietary variable increases significantly with increasing intake of dietary Mg {p <0.001}.

the incidence of CHD for men in the lowest quintile of
dietary Mg intake versus men in the highest quintile.
A significant excess of CHD was also observed in men
in the second quintile of Mg intake compared with
those whose intake was the highest. At >135 years
from the dietary intake assessment, the association
between Mg intake and CHD was less clear. Although
the association between Mg intake and the risk of
CHD seemed to weaken with time, time-dependent
effects were not statistically significant.

Baseline characteristics of the study participants
across the quintiles of Mg intake are listed in Table 2.
Although relations between Mg intake and the risk
factors appear modest, associations were significant in
all instances. Although levels of total cholesterol and
body mass tended to decrease with increasing Mg
intake, there were consistent increases in levels of
physical activity and alcohol across the ranges of Mg
intake. The percent of men with hypertension and
diabetes also decreased with increasing Mg intake.
Use of cigarettes increased with Mg intake.

In contrast to the modest relations appearing in
Table 2, intake of other dietary variables increased
consistently with increasing intake of dietary Mg. In
comparison to men in the lowest quintile, the intake of
potassium, dietary fiber, calcium, and protein was
about twofold higher for men in the highest quintile of

Mg intake (Table 3). Intake of total kilocalories, sat-
urated fats, and sodium were 1,7-fold higher in men in
the highest versus the lowest quintiles of Mg intake.

The relative risk of CHD in the first 15 years of
follow-up in the lowest versus the highest quintile of
dietary Mg intake is shown in Table 4 after adjust-
ments for age, the intake of concomitant dietary vari-
ables, and other risk factors. Data are not provided for
follow-up beyond 15 years because the association
between Mg intake and CHD was modest during this
period (see Table 1).

When adjustments were made for age, total kilo-
calories, and other dietary variables (singly or com-
bined), there was a significant excess in the risk of
CHD in men in the lowest versus highest quintiles of
Mg intake. Significance remained after further adjust-
ment for total cholesterol, hypertension, diabetes,
body mass index, the physical activity index, ciga-
rettes smoked per day, and daily alcohol intake. Al-
though CHD incidence decreased significantly with
increasing Mg intake (p = 0.04), the relative risks of
CHD in the other quintiles versus the highest quintile
were similar (relative risk 1.3, 95% confidence inter-
val 1.0 to 1.8). Associations between Mg intake and
CHD were also similar across hypertension, diabetes,
and other risk factor strata.
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TABLE 4 Relative Risk of CHD in 15 Years of Follow-up for
Men in the Lowest Versus Highest Quintile of Dietary Mg
Intoke After Adjustment for Age, Cardiovascular Risk Factors,
and Intake of Confounding Dietary Variables

Relafive Risk for the Lowest vs Highest
Guintile of Mg Intcke

A B

Adjusted for (95% Cl) (95% C)

Total kilocalories 1.77{1.2-2.4) 1.77 [1.2-2.4)
Potassium 1.9%(1.3-2.7] 1.6* {1.1-2.3})
Dietary fiber 1.7% (1.3-2.3) 1.5t [1.1-2.0)
Saturated fat 1.94 {1.4-2.6) 1.6% [1.2-2.2)
Calcium 1.9% (1.4-2.4] 1.67{1.2-2.3)
Protein 2.1¥(1.5-2.9) 1.8%[1.3-2.5)
Sodium 1.8%(1.3-2.4) 1.5T [1.1-2.1)
All dietary variables 1.7*{1.1-2.5} 1.7* {1.1-2.5)

*Significant axcess risk in the lowest quintile of diatary Mg intake {p <0.05].

TSignificant sxcess risk in the lowest quintile of distary Mg intake [p <0.01].

*Significant excess risk in the lowest quintile of dislary Mg intake (p
<0.001).

A = Adjusted for age and tha confounding distary variable(s); B = adjusted
for age, the ¢onfounding dietary variable(s), tokal cholesterol, hypartension,
diabetes, body mass index, physicol activity index, cigarsties smaked/day,
and daily alcohol intoke; C = confidence interval.

DISCUSSION

Assessment of the association between nutrition
and the future risk of disease is known to be difficult.
Although a relatively simple instrument for measuring
dietary intake, the single 24-hour dietary recall used in
the present study provides a rough approximation of
habitual food intake. More complex dietary records,
however, can be costly and are subject to a high
degree of cooperation by study participants. It may
also be that 24-hour recall, often characterized by
wide variation in daily food preferences, can result in
an underestimate of true associations. When signifi-
cant associations appear, as with Mg and CHD, such
findings could be meaningful. Observations from the
present study may also be less prone to the deficien-
cies of 24-hour recall because only subjects who re-
ported that consumption was “fairly typical” were
considered for follow-up. Although in need of confir-
mation, this suggests that the effect of Mg intake on
reducing the risk of CHD could be through habitual
versus sporadic intake of foods high in Mg content.
Although intake of Mg from vitamins and other
sources were not recorded, routine use of such sup-
plements may have been minimal at the time when
follow-up began (1965 to 1968).

Although others have also reported associations
between Mg and CHD, most have focused on serum
concentrations. In contrast, effects of dietary Mg have
not been clearly identified, particularly when account-
ing for the possible confounding of other dietary fac-
tors. In the Atherosclerosis Risk in Communities
(ARIC) study,? a decrease in the risk of incident CHD
across increasing quartiles of serum Mg was compa-
rable to the decrease observed in Hawaii across quin-
tiles of dietary intake. For men enrolled in the ARIC
study, the effect of dietary Mg on CHD was weak,
although it appeared protective. Serum Mg in the
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National Health and Nutrition Examination Survey
(NHANES I) was also inversely associated with vas-
cular events.* Data on dietary intake was not avail-
able. In a survey from north India, an inverse relation
between Mg intake and prevalent coronary artery dis-
case was observed.’ In contrast, dietary Mg was un-
related to ischemic heart disease in Caerphilly, South
Wales, United Kingdom, although samples sizes and
event counts were considerably smaller than in the
present study.!?

Findings of an association between Mg intake and
CHD may also be easier to detect in communities
where Mg deficiency is more common. This could be
the case in the present study, where Mg intake was
markedly lower than average levels reported else-
where. In the men in the Honolulu Heart Program, the
average daily intake of dietary Mg was 268 mg/day. In
the Third NHANES, the estimated average intake in
the general United States population was 342 mg/day
in men aged 50 to 59 years.!® This latter value is
>80th percentile in the Honolulu sample. Fewer than
8% of men in the Honolulu sample consumed at least
the recommended daily allowance of dietary Mg (420
mg/day) proposed by the National Research Coun-
cil.1?

- The longitudinal data in this study provide further
evidence for an association between dietary Mg intake
and the future risk of CHD. Findings are also based on
a long and comprehensive system of follow-up for
well-defined coronary events that has been in place
since study inception. Vital status reporting is virtu-
ally complete, Observed effects were also independent
of other risk factors, including the intake of total
kilocalories and concomitant nutrients. Whether in-
creases in dietary Mg intake can alter the future risk of
disease warrants further study.
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Comparison of hematologic or
biochemical parameters among
elderly hospital patients,
institution-dwelling residents,
and health check-up examinees
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Background: The purpose of the present paper was to examine the differences in the
levels of hematological or biochemical parameters among elderly hospital patients, nursing
home residents, and mass health check-up recipients.

Methods: One hundred and 44 geriatric inpatients (aged 2 65 years}), 237 outpatients,
146 nursing home residents, 120 aged examinees from mass health check-ups, and 512
younger health check-up examinees (controls) were included in the present study. They
were divided into five male and five female subgroups, respectively. The levels of hemo-
globin (Hb), white blood cells (WBC), serum albumin (Alb), Ca, albumin-corrected Ca,
Na, creatinine (Cr), and total cholesterol (TC) were determined and compared.

Results: There were significantly lower levels of Hb, Alb, Ca, Na, and TC in inpatients
than in other groups in both sexes. In contrast, higher levels of WBC and Cr were found
in inpatients. Among women there was no difference in the level of any parameter between
nursing home residents, health check-up examinees, and controls.

Conclusion: The data indicate that the levels of these parameters are affected to a greater
extent in inpatients, and that female nursing home residents and health check-up exam-
inees show values similar to those of controls.

Keywords: elderly, inpatients, mass health check-up, parameters.

Introduction

The world population is aging. In Japan the percentage
of those over 65 is 18% in 2000 and is expected to grow
rapidly to > 20% in this decade.

In the clinical settings, elderly patients often show
various signs and symptoms, although sometimes they
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are not specific and not related to the disease. Thus rou-
tine hematological and biochemical examinations are
needed, and can be a valuable clue to evaluation of
physical condition and diagnosis. However, because the
hematological or biochemical parameters have large
individual variations in the elderly (referring to the ref-
erence range set up for younger adults), it is difficult to
evaluate these parameters in the individual patient.
Another problem is the change in these parameters seen
in the elderly, which may be due to either morbidity,
comorbidity, poor nutrition, less physical activities, or
could be a direct effect of aging. In addition, gender dif-
ferences in hematological or biochemical parameters in
the elderly have not been well established.
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